The Hewlett-Packard HP 41C hand-held calculator can be used for the numerical identification of bacteria. The dimensions of the identification matrix are limited to about 30 (14) based on the Bayes theorem is used for numerical identification.
Bacteria are identified by various tests. The media are either prepared in laboratories or, more frequently, supplied by various manufacturers as kits of microtests. The test results are interpreted mostly by code books supplied by manufacturers or by computers. Code books are supported by computer services which can be reached by phone 24 h a day in several instances. Computed results (4, 5, (7) (8) (9) can be obtained from desk-top computers (11) or personal computers. There are also automated de- vices that have appeared on the market (1, 6, 12, 13) for use in identifying bacteria. They work on different principles but use, however, computeraided identification for interpreting results.
The aim of this paper is to show that handheld calculators can be used for evaluating test results. For economical reasons, diagnostic test kits are still widely used, and the results are interpreted by code books. However, computers and hand-held calculators offer more versatility than do test kits. Identification matrices containing frequencies of characters for different groups of organisms can be keyed in and stored on magnetic cards. A probabilistic algorithm (14) based on the Bayes theorem is used for numerical identification.
We used the computing capabilities of a Hewlett-Packard HP 41C hand-held calculator with a total memory capacity of 255 storage registers alternatively connected with an HP 82143A thermal printer or an HP 82104A magnetic card reader. This small yet powerful computing system permits the management of large identification matrices with up to 660 elements. The printer provides a record of input data (strain number and test results) and corresponding identification (two taxa with computed identification scores) (Fig. 1) . With the card reader, it is possible to load different identification matrices stored on magnetic cards into the memory. The program itself occupies 52 registers. Five matrix elements are packed and stored into one register, with an accuracy of only two digits. This saving of memory space, however, helps to increase computation time. Great attention was given to ease of operation; to make print-outs understandable, we made full use of the alphanumeric capabilities of the system.
To demonstrate the computing capability of the calculator in identifying bacteria, we chose the test set used in the Minitek code book Enterics. However, other test sets may be selected, or the number of tests used may be reduced. We assumed that the results in Enterics were computed with the data matrix contained there. For this reason, we used the same frequency matrix for evaluating our computations.
This process would have taken about 200 h on the HP 41C, so all of the profiles in the code book were recalculated by the same algorithm written in HPL language and computed on the fast HP 9825 desk-top computer. The computation of one profile takes about a second. Thus, the 1,633 profiles contained in the code book could be computed in a relatively short time.
In 16 of 1,633 profiles, the code book showed an identification score of P _ 0.9, and a score of P < 0.9 was calculated by the HP 41C, but both first-suggested choices were different. This means that in 0.98% of the profiles, the result of computation differed from the valid result of the code book. The difference in first-suggested choices, with a score of P < 0.9 in both the code book and the calculation, was observed in 160 profiles. Thus, computations by a hand-held calculator failed in less than 1% of the profiles in the code book. This difference was caused by the fact that values rounded to two decimal places were used in the calculations. In certain (10) . The about the same as three code books. code book of 10 tests contained about 1,000 profiles. The identification matrix used for the construction of the code book was derived from Ewing tables (2).
Agreement was also obtained with an API 10S code book. The identification matrix was derived from an API information sheet and contained 10 tests and 33 species. The identification of viridans streptococci, which can still be a problem, may be performed by computation with data published by Facklam (3) . A total of 25 tests were selected to identify 10 proposed species of streptococci. The identification matrix contained 25 tests and 10 taxa. The identification of streptococci served as an example of the direct computing of test results, thus creating, in fact, a dynamic code book. The computing time in this case was about 2.5 min. HP 41C can be used for numerical identification, but its use is limited by memory capacity. However, the limiting dimensions of the matrix (about 660 elements) allowed the identification of many groups LITERATURE CITED
